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N BARYONS
(S=0, I =1/2)

p, Nt =uud: n, NO = udd

4 10F) = 3G

Mass m = 938.27231 + 0.00028 MeV [l
= 1.007276470 £ 0.000000012 u
;—;} /(;_Z) = 1.0000000015 =+ 0.0000000011

lap + q5|/e < 2x107°
}qp+ qe}/e < 1.0 x 1072t [l
Magnetic moment p = 2.79284739 + 0.00000006 7py
Electric dipole moment d = (—4 4 6) x 10723 ecm
Electric polarizability @ = (12.1 + 0.9) x 10~# fm3
Magnetic polarizability 5§ = (2.1 4 0.9) x 10~% fm3
Mean life 7 > 1.6 x 10%° years  (independent of mode)
> 103! to 5 x 1032 years [l (mode dependent)

Below, for N decays, p and n distinguish proton and neutron partial life-
times. See also the “Note on Nucleon Decay” in our 1994 edition (Phys.
Rev. D50, 1673) for a short review.

The “partial mean life” limits tabulated here are the limits on 7/B;, where
7 is the total mean life and B; is the branching fraction for the mode in

question.
Partial mean life P
p DECAY MODES (1030 years) Confidence level (MeV/c)
Antilepton + meson
N— etn > 130 (n), > 550 (p) 90% 459
N— utr > 100 (n), > 270 (p) 90% 453
N— vm > 100 (n), > 25 (p) 90% 459
p— etp > 140 90% 309
p— utn > 69 90% 296
n— vn > 54 90% 310
N— etp > 58 (n), > 75 (p) 90% 153
N— ptp > 23 (n), > 110 (p) 90% 119
N— vp > 19 (n), > 27 (p) 90% 153
p— etw > 45 90% 142
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> 57

> 43

> 1.3 (n), > 150 (p)
> 76

> 44

> 1.1 (n), > 120 (p)
> 64

> 44

> 86 (n), > 100 (p)
> 52

> 22 (n), > 20 (p)

Antilepton + mesons

> 21
> 38
> 32
> 17
>33
>33
> 18

Lepton + meson

> 65
> 49
> 62
>7
> 32
> 57

Lepton + mesons

> 30
> 29
> 17
> 34
> 20
>5

Antilepton + photon(s)

> 460
> 380
> 24

> 100

90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%

90%
90%
90%
90%
90%
90%
90%

90%
90%
90%
90%
90%
90%

90%
90%
90%
90%
90%
90%

90%
90%
90%
90%
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104
144
337
337
337
326
326
326
339

45

45

448
449
449
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427
319
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154
120
340
330

448
449
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320
279

469
463
470
469
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Three (or more) leptons

p— etete > 510 90% 469
p— etputpu” > 81 90% 457
p— etvy > 11 90% 469
n— ete v > 74 90% 470
n— pute v > 47 90% 464
n— putuv > 42 90% 458
p— putete > 01 90% 464
p— puputp > 190 90% 439
p— putvv > 21 90% 463
p— e putut > 6 90% 457
n— 3v > 0.0005 90% 470
Inclusive modes
N — et anything > 0.6 (n, p) 90% -
N — pTanything > 12 (n, p) 90% -
N — et 70anything > 0.6 (n, p) 90% -

AB = 2 dinucleon modes

The following are lifetime limits per iron nucleus.

pp — Tt > 0.7 90% -
pn— wtx0 > 2 90% -~
nn— wtr~ > 0.7 90% -
nn — 7970 >3.4 90% -
pp — etet > 5.8 90% —
pp — et put > 3.6 90% —
pp — /ﬁ" /ﬁ" > 1.7 90% -
pn— etw > 2.8 90% -
pn— ut o > 1.6 90% -
nn — veTe > 0.000012 90% —
nn— v,v, > 0.000006 90% —

5 DECAY MODES

Partial mean life p
p DECAY MODES (years) Confidence level (MeV/c)
P— e v > 1848 95% 469
p— e 70 > 554 95% 459
P— e n > 171 95% 309
p— e K% > 29 95% 337
p— e KY >9 95% 337
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n

n DECAY MODES
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1(JP) =33

Mass m = 939.56563 & 0.00028 MeV [4]

= 1.008664904 £ 0.000000014 u

m, — m, = 1.293318 + 0.000009 MeV

= 0.001388434 £ 0.000000009 u

Mean life 7 = 886.7 £ 1.9s (S =1.2)

cr = 2.658 x 108 km

Magnetic moment p = —1.9130428 + 0.0000005 1 py

Electric dipole moment d < 0.97 x 102% ecm, CL = 90%
Electric polarizability o = (0.983-33) x 1073 fm3 (S = 1.1)
Charge g = (—0.4+ 1.1) x 107?% e

Mean n7-oscillation time > 1.2x108 s, CL = 90% (9! (bound n)

> 0.86 x 108's, CL =90% (free n)

Decay parameters (]

pe Tg ga/gy = —1.2670 + 0.0035 (S

= 1.9)
A= —0.1162 + 0.0013 (S = 1.8)

B = 0.990 + 0.008

a = —0.102 £ 0.005

dav = (180.07 + 0.18)° [f]

D= (-05+14)x1073

p
Fraction (I';/T) Confidence level (MeV/c)

pe Ve

PVele

100 % 1.19

Charge conservation (Q) violating mode
Q < 8x10727 68% 1.29
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N(1440) Py, 10P) = 3371)

Breit-Wigner mass = 1430 to 1470 (=~ 1440) MeV
Breit-Wigner full width = 250 to 450 (= 350) MeV
Pbeam = 0.61 GeV/c 47X2 = 31.0 mb
Re(pole position) = 1345 to 1385 (&~ 1365) MeV
—2Im(pole position) = 160 to 260 (~ 210) MeV

N(1440) DECAY MODES Fraction (I';/T) p (MeV/c)
N7 60-70 % 397
N7 30-40 % 342
Ar 20-30 % 143
Np <8 % i
N (7m ).Is?vc\)/ave 5-10 % -
Py 0.035-0.048 % 414
p7y, helicity=1/2 0.035-0.048 % 414
n~y 0.009-0.032 % 413
n-, helicity=1/2 0.009-0.032 % 413
P 13—
N(1520) Di3 7)) =3(37)

Breit-Wigner mass = 1515 to 1530 (= 1520) MeV
Breit-Wigner full width = 110 to 135 (=~ 120) MeV
Pbeam = 0.74 GeV/c 47X%2 = 23.5 mb
Re(pole position) = 1505 to 1515 (~ 1510) MeV
—2Im(pole position) = 110 to 120 (~ 115) MeV

N(1520) DECAY MODES Fraction (I';/T) p (MeV/c)
N7 50-60 % 456
N7 40-50 % 410
AT 15-25 % 228
Np 15-25 % +
N(ﬂﬂ)lsj?lave <8% -
Py 0.46-0.56 % 470
p~y, helicity=1/2 0.001-0.034 % 470
p~y, helicity=3/2 0.44-0.53 % 470
nvy 0.30-0.53 % 470
n-, helicity=1/2 0.04-0.10 % 470
n-y, helicity=3/2 0.25-0.45 % 470
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N(1535) S 10P) = 137)

Breit-Wigner mass = 1520 to 1555 (=~ 1535) MeV
Breit-Wigner full width = 100 to 250 (= 150) MeV
Pbeam = 0.76 GeV/c 47X%2 = 22.5 mb
Re(pole position) = 1495 to 1515 (&~ 1505) MeV
—2Im(pole position) = 90 to 250 (~ 170) MeV

N(1535) DECAY MODES Fraction (I';/T) p (MeV/c)
N7 35-55 % 467
Nn 30-55 % 182
N7 1-10 % 422
AT <1% 242
Np <4 % T
N (ﬂﬂ)ls?vc\)lave <3% -
N(1440) 7 <7% f
Py 0.15-0.35 % 481
p~y, helicity=1/2 0.15-0.35 % 481
nvy 0.004-0.29 % 480
n-y, helicity=1/2 0.004-0.29 % 480
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N(1650) S11

1JP) = 3(37)

Breit-Wigner mass = 1640 to 1680 (=~ 1650) MeV
Breit-Wigner full width = 145 to 190 (= 150) MeV

Pbeam = 0.96 GeV/c

47X%2 = 16.4 mb

Re(pole position) = 1640 to 1680 (~ 1660) MeV
—2Im(pole position) = 150 to 170 (=~ 160) MeV

C. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998)

N(1650) DECAY MODES Fraction (I';/T) p (MeV/c)
N7 55-90 % 547
Nn 3-10 % 346
NK 3-11 % 161
N7 10-20 % 511
Am 1-7 % 344
Np 4-12 % T
N (ﬂﬂ)ls?vc\)lave <4 % -
N(1440) <5% 147
Py 0.04-0.18 % 558
p~y, helicity=1/2 0.04-0.18 % 558
n~y 0.003-0.17 % 557
n-, helicity=1/2 0.003-0.17 % 557
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N(1675) Dis 10P) = 137)

Breit-Wigner mass = 1670 to 1685 (=~ 1675) MeV
Breit-Wigner full width = 140 to 180 (=~ 150) MeV
Pbeam = 1.01 GeV/c 47X%2 = 15.4 mb
Re(pole position) = 1655 to 1665 (~ 1660) MeV
—2Im(pole position) = 125 to 155 (~ 140) MeV

N(1675) DECAY MODES Fraction (I';/T) p (MeV/c)
N7 40-50 % 563
AK <1% 209
N7 50-60 % 529
AT 50-60 % 364
Np <1-3% T
Py 0.004-0.023 % 575
p7y, helicity=1/2 0.0-0.015 % 575
p~y, helicity=3/2 0.0-0.011 % 575
ny 0.02-0.12 % 574
n-, helicity=1/2 0.006-0.046 % 574
n-y, helicity=3/2 0.01-0.08 % 574
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N(1680) Fys 1Py = 351)

Breit-Wigner mass = 1675 to 1690 (=~ 1680) MeV
Breit-Wigner full width = 120 to 140 (=~ 130) MeV
Pbeam = 1.01 GeV/c 47X%2 = 15.2 mb
Re(pole position) = 1665 to 1675 (~ 1670) MeV
—2Im(pole position) = 105 to 135 (~ 120) MeV

N(1680) DECAY MODES Fraction (I';/T) p (MeV/c)
N7 60-70 % 567
N7 30-40 % 532
Ar 5-15 % 369
Np 3-15 % i
N (ﬂﬂ)ls?vc\)lave 5-20 % -
Py 0.21-0.32 % 578
p7y, helicity=1/2 0.001-0.011 % 578
p~y, helicity=3/2 0.20-0.32 % 578
n~y 0.021-0.046 % 577
n-y, helicity=1/2 0.004-0.029 % 577
n-, helicity=3/2 0.01-0.024 % 577
N(1700) Dy3 1P = 3(37)
Breit-Wigner mass = 1650 to 1750 (=~ 1700) MeV
Breit-Wigner full width = 50 to 150 (=~ 100) MeV
Pbeam = 1.05 GeV/c 47X2 = 14.5 mb
Re(pole position) = 1630 to 1730 (~ 1680) MeV
—2Im(pole position) = 50 to 150 (=~ 100) MeV
N(1700) DECAY MODES Fraction (I';/T) p (MeV/c)
N7 5-15 % 580
NK <3% 250
N7 85-95 % 547
Np <35 % T
Py 0.01-0.05 % 591
p~y, helicity=1/2 0.0-0.024 % 591
p~y, helicity=3/2 0.002-0.026 % 591
n~y 0.01-0.13 % 590
n-, helicity=1/2 0.0-0.09 % 590
n-, helicity=3/2 0.01-0.05 % 590
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N(1710) Py 0Py =331

Breit-Wigner mass = 1680 to 1740 (=~ 1710) MeV
Breit-Wigner full width = 50 to 250 (=~ 100) MeV
Pbeam = 1.07 GeV/c 47X2 = 14.2 mb
Re(pole position) = 1670 to 1770 (~ 1720) MeV

—2Im(pole position) = 80 to 380 (= 230) MeV

N(1710) DECAY MODES Fraction (I';/T) p (MeV/c)
N7 1020 % 587
NK 5-25 % 264
N7 40-90 % 554
Am 15-40 % 393
Np 5-25 % 48
N(rm)e0 o 10-40 % -
Py 0.002-0.05% 598
p~y, helicity=1/2 0.002-0.05% 598
n~y 0.0-0.02% 597
n-y, helicity=1/2 0.0-0.02% 597
P 1,3
N(1720) Py3 1J7) =3(37)

Breit-Wigner mass = 1650 to 1750 (= 1720) MeV
Breit-Wigner full width = 100 to 200 (= 150) MeV
Pbeam = 1.00 GeV/c 47X%2 = 13.9 mb
Re(pole position) = 1650 to 1750 (~ 1700) MeV
—2Im(pole position) = 110 to 390 (= 250) MeV

N(1720) DECAY MODES Fraction (I';/T) p (MeV/c)
N 10-20 % 594
NK 1-15 % 278
N7 >70 % 561
Np 70-85 % 104
Py 0.003-0.10 % 604
p~y, helicity=1/2 0.003-0.08 % 604
p~y, helicity=3/2 0.001-0.03 % 604
n~y 0.002-0.39 % 603
n-, helicity=1/2 0.0-0.002 % 603
n-, helicity=3/2 0.001-0.39 % 603

HTTP://PDG.LBL.GOV Page 10 Created: 6/10/1998 16:02



Review of Particle Physics: C. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998)

N(2190) Gy 10P) = 137)

Breit-Wigner mass = 2100 to 2200 (= 2190) MeV
Breit-Wigner full width = 350 to 550 (= 450) MeV
Pbeam = 2.07 GeV/c 47X%2 = 6.21 mb
Re(pole position) = 1950 to 2150 (~ 2050) MeV
—2Im(pole position) = 350 to 550 (= 450) MeV

N(2190) DECAY MODES Fraction (I';/T) p (MeV/c)
N 10-20 % 888
N(2220) Hyg 1Py = 3(31)

Breit-Wigner mass = 2180 to 2310 (= 2220) MeV
Breit-Wigner full width = 320 to 550 (~ 400) MeV
Pbeam = 2.14 GeV/c 47X% = 5.97 mb
Re(pole position) = 2100 to 2240 (~ 2170) MeV
—2Im(pole position) = 370 to 570 (= 470) MeV

N(2220) DECAY MODES Fraction (I';/T) p (MeV/c)
N 10-20 % 905
N(2250) Giq 1(F) = 3(37)

Breit-Wigner mass = 2170 to 2310 (= 2250) MeV
Breit-Wigner full width = 290 to 470 (= 400) MeV
Pbeam = 2.21 GeV/c 47X% = 5.74 mb
Re(pole position) = 2080 to 2200 (~ 2140) MeV
—2Im(pole position) = 280 to 680 (= 480) MeV

N(2250) DECAY MODES Fraction (I';/T) p (MeV/c)

N 5-15 % 923
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N(2600) h 11 1JP) = 3(%)

Breit-Wigner mass = 2550 to 2750 (=~ 2600) MeV
Breit-Wigner full width = 500 to 800 (= 650) MeV
Pbeam = 3.12 GeV/c 47X% = 3.86 mb

N(2600) DECAY MODES Fraction (I';/T) p (MeV/c)

N 5-10 % 1126
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